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O ! ABSTRACT 

Deep VLA 1.4 GHz radio continuum imaging of Abell 2255 is presented. This cluster is among 
~~ — the better nearby candidates for rich cluster-cluster merger systems, with evidence including an 

elongated X-ray morphology, the presence of a radio halo, and substructure present in its galaxy 
distribution. Our radio observations reach an rms sensitivity of ~ 40^ Jy beam -1 , enabling us 
to detect (at 5a) star formation rates as low as 1.4 M Q year -1 from the center of the cluster 
out to a radial distance of Mpc. The radio data are complemented by optical imaging 

and a large spectroscopic database, allowing us to separate all galaxies with Mr c < —20 into 
cluster members and foreground/background galaxies. The spectra are also used to associate the 
galaxies' radio emission with either star formation or AGN. 

We compare the resulting cluster radio galaxy population with those of nineteen other nearby 
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Abell clusters, and find strong evidence for an increase in the frequency of radio galaxies in 
Abell 2255. This increase is seen in two separate types of galaxies: powerful radio AGN and 
optically-faint star forming galaxies. The optical spectra of the latter often indicate current or 
recent starbursts, and these galaxies appear to be distributed along an axis perpendicular to the 
probable merger axis. We assess these factors in light of models of galaxy evolution, and suggest 
that the cluster-cluster merger is responsible for triggering galaxy activity in Abell 2255. 

Subject headings: galaxies: clusters: general — galaxies: clusters: individual (Abell 2255) — galaxies: 
evolution — galaxies: radio continuum 

1. Introduction 
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feet of this dumping of energy is apparent across 
a broad range in wavelength. The X-ray emis- 
sion of cluster-cluster mergers is often elongated 
and can display discrete substructures and tem- 
perature variations (e.g., Markevitch et al. 2000; 
Vikhlinin et al. 2001). At radio wavelengths, low 
surface brightness halos and relics (e.g., Jaffe & 
Rudnick 1979; Hanisch 1982; Giovannini, Tordi, 
& Feretti 1999) seem to be associated with merg- 
ers as shocks can accelerate (or re-accelerate) elec- 
trons and ions and thereby lead to synchrotron 
emission (e.g., Tribble 1993; Feretti & Giovan- 
nini 1996; Giovannini & Feretti 2000; Buote 2001; 
Enfilin & Gopal-Krishna 2001). 

Despite clear evidence of activity over the scale 
of clusters, the effect of cluster-cluster mergers 
on individual galaxies is less certain. Mergers 
present complex environmental factors, including 
large galaxy-galaxy velocity dispersions and bulk 
flows of intracluster gas. What is the net ef- 
fect of such factors on the evolution of member 
galaxies? Various models have investigated this 
question, but the large range in environmental 
parameters produces differing conclusions. Bekki 
(1999) evaluated the time-varying tidal effects on 
a disk galaxy whose parent group was being ac- 
creted by a cluster. His simulations indicated that 
cluster-group mergers could lead to star forma- 
tion bursts in member galaxies through transfer 
of large amounts of gas from the galaxies' disks 
to their nuclei. While the large relative veloci- 
ties of galaxies in cluster-cluster mergers strongly 
inhibits direct galaxy-galaxy mergers, the cumu- 
lative effect of numerous high-speed passages of 
galaxies ( "harrassment" ) can also efficiently trans- 
fer gas to the galaxies' nuclei and lead to enhanced 
star formation (Moore et al. 1996; Moore, Lake, & 
Katz 1998; Fujita 1998). However, these studies 
generally ignore the effect of the intracluster gas 
on member galaxies. Pressure from this gas leads 
to competing effects: compression of the ISM in 
the moving galaxies can enhance star formation 
(e.g., Evrard 1991; Roettiger et al. 1996), while 
removal of gas due to ram pressure stripping can 
squelch it. Fujita et al. (1999) argued through sim- 
ulations that the net effect of this was to reduce 
star formation in member galaxies during cluster- 
cluster mergers, although they did not specifically 
address the effect of shocks in the ICM. 

Dwarakanath & Owen (1999) and Owen et al. 



(1999) observed a complementary pair of clusters 
to investigate the Butcher-Oemler effect. These 
clusters were nearly identical in terms of their 
rcdshift and richness, yet radio and optical data 
showed that one possessed a high fraction of ac- 
tive galaxies while the other did not. The apparent 
cause was the dynamical state of the clusters, with 
the cluster containing more active galaxies being 
a strong merger candidate and the other cluster 
being more virialized. Similarly, further observa- 
tional clues may be hidden in studies of clusters 
at higher redshift. The MORPHS collaboration 
(Dressier et al. 1999) have studied ten intermedi- 
ate redshift clusters to investigate galaxy evolu- 
tion. They find evidence for increased activity in 
these clusters in the form of larger numbers of star- 
forming and post-starburst galaxies. However, the 
CNOC collaboration (see Yee, Ellingson, & Carl- 
berg 1996, and subsequent papers) have studied 
clusters in a similar redshift range and seen signif- 
icantly less evidence for such an effect. The pri- 
mary difference in their studies is in how the sam- 
ples were constructed, with the MORPHS clus- 
ters being identified optically and the CNOC clus- 
ters through X-ray luminosity. This biases the 
CNOC sample to more relaxed, virialized clus- 
ters, which could very well explain the differ- 
ences in their member galaxy populations (Elling- 
son et al. 2001). The increased activity seen by 
the MORPHS collaboration could be the result of 
their clusters more frequently representing merger 
systems. 

In this paper, we assess the radio galaxy pop- 
ulation of one of the better nearby examples of 
a merger between two clusters of galaxies. A 
compelling body of evidence supporting this sce- 
nario has been compiled for Abell 2255, a North- 
ern hemisphere cluster at z ~ 0.08. The clus- 
ter shows an elongated X-ray distribution whose 
peak is offset from the optical center of the cluster 
(e.g., Burns et al. 1995; Feretti et al. 1997), and 
substructure in X-ray temperature maps of its in- 
tracluster gas (Davis & White 1998). Optically, 
the brighter galaxies are arranged in a chain, with 
the two brightest galaxies at the center of the clus- 
ter separated by nearly 3000 km s _1 . This led to 
the hypothesis that Abell 2255 was actually two 
separate clusters seen in projection (Tarenghi & 
Scott 1976), a result which appeared feasible given 
the small number of measured galaxy velocities at 
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that time. Additional velocity measurements ar- 
gued that Abell 2255 was, in fact, a bound system 
with an unusually high velocity dispersion (Stauf- 
fer, Spinrad, & Sargent 1979; Zabludoff, Huchra, 
& Gellcr 1990; Burns et al. 1995). Even so, the to- 
tal number of cluster galaxy velocities was modest 
and although no substructure was detected from 
these velocities the lack of data prohibited strongly 
dismissing its presence. Recently, an enormous in- 
crease in the number of measured velocities has 
become available (Hill et al. 2003; Stoughton et 
al. 2002). These have enabled the detection of sig- 
nificant evidence for substructure and argue that 
Abell 2255 is a dynamically-active cluster being 
assembled from numerous groups (Hill et al. 2003). 
Lastly, radio observations of the cluster also note 
an unusual level of activity. Several studies have 
noted a large number of head-tail radio galaxies 
in the cluster, as well diffuse radio halo (Jaffe 
& Rudnick 1979; Harris, Kapahi, & Ekers 1980; 
Burns et al. 1995; Feretti et al. 1997). 

We have performed wide-field, high sensitiv- 
ity radio observations of Abell 2255 with the Na- 
tional Radio Astronomy Observatory's (NRAO) 
Very Large Array (VLA). These observations en- 
compassed the entire cluster, from its core out past 
the Abell radius (r = 0—3 foy^Mpc), and identified 
galaxies whose 1.4 GHz radio emission amounted 
to ~ 3 x 10 21 W Hz -1 and greater. This corre- 
sponds to all AGN and galaxies forming stars at 
rates in excess of 1.8 M Q yr _1 (using the relation 
found in Yun, Rcddy, & Condon 2001). The ra- 
dio data are complemented by new wide-field op- 
tical images collected in R Cl multiband photome- 
try from the Sloan Digital Sky Survey Early Data 
Release (SDSS EDR; Stoughton et al. 2002), and 
the spectroscopic databases of Hill et al. (2003) 
and the SDSS EDR. Consequently, we are able to 
explore the effect of the cluster merger on galax- 
ies down to a very low level of activity. The re- 
sults for Abell 2255 are then compared against a 
large sample of nearby clusters (Miller & Owen 
2002), demonstrating the unusual properties of the 
cluster. The results are discussed in light of vari- 
ous models for galaxy evolution in cluster environ- 
ments. 

The paper is organized as follows. In Section 2, 
we discuss the data. This includes details about 
the observations and reductions for both the radio 
and optical data, and a discussion of the optical 



spectroscopy data which were used. The results 
are presented in Section 3, including an overview 
of the cluster radio galaxy population, an analy- 
sis of how the radio galaxies are distributed, and 
statistical comparisons of the radio galaxy popu- 
lation of Abell 2255 relative to other nearby clus- 
ters. These findings are discussed in light of cluster 
evolutionary models in Section 4, and final conclu- 
sions are presented in Section 5. We have adopted 
H a = 75 km s _1 Mpc -1 and q Q = 0.1, meaning 1" 
corresponds to 1.28 kpc at Abell 2255. 

2. Observations and Reductions 
2.1. Radio 

Radio observations at 1.4 GHz were made with 
the VLA in two configurations. The higher res- 
olution observations were performed during July 
1998 while the VLA was in its B configuration, 
and lower resolution observations were performed 
during May 1999 in the D configuration. The B 
configuration provides a resolution of ~5" but is 
insensitive to structures larger than ^120". Abell 
2255 is known to possess a number of extended 
radio galaxies as well as diffuse emission unassoci- 
ated with individual galaxies (Harris, Kapahi, & 
Ekers 1980; Burns et al. 1995; Feretti et al. 1997), 
necessitating the inclusion of the lower resolution 
D array data. 

The observational strategy paralleled that of 
other wide-field radio surveys (e.g., the NVSS and 
FIRST; Condon et al. 1998; Becker, White, & 
Helfand 1995). A grid of 25 pointings was used 
to cover the cluster from its core out to large radii 
(^40', or about 3 Mpc). These pointings were ar- 
ranged in a hexagonal pattern, with the primary 
19 pointings having a grid spacing of 16'. The 
remaining 6 pointings formed a smaller hexagon 
surrounding the central pointing of the main grid. 
This configuration was adopted to provide near- 
uniform sensitivity across the cluster, with extra 
detail in the cluster core. For an excellent overview 
of the technique, from observation through to con- 
struction of the final wide-field image, the reader 
is directed to Condon et al. (1998). 

Both B and D array observations were made in 
"line mode" to greatly reduce bandwidth smear- 
ing. This is also required in order to properly 
"clean" sources away from the pointing center, 
thereby reducing the noise caused by confusion. 
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Thus, seven channels of 3.125MHz bandwidth 
were used for each intermediate frequency and 
polarization. The integration time for each point- 
ing was 17 minutes while in the B configuration, 
and 8.5 minutes in D. The pointings were made at 
the same hour angle for both B and D to facilitate 
combining the uv data and to correct for the "3D 
effect." 

Data reduction was performed using NRAO's 
Astronomical Image Processing System (AIPS). 
Flux calibration was performed via observation of 
3C286, and the flux density scale should be accu- 
rate to < 2% (Baars et al. 1977). The flux density 
scale was further confirmed via comparison with 
NVSS fluxes for unresolved sources. Calibration 
of both the individual bandpasses and the phases 
was provided by observations of 3C343, performed 
roughly every hour. This source is located approx- 
imately 4° from the center of Abell 2255. 

The pointings were each reduced individually 
using the AIPS task IMAGR. The first step in- 
volved determining the optimal choices of param- 
eters to satisfy the dual considerations of mini- 
mizing noise and insuring consistent beam shapes 
across all pointings. Three parameters were var- 
ied, corresponding to the weighting of the uv data 
(ranging from uniform to natural), smoothing of 
the uv data, and applying various Gaussian tapers 
to the uv data. An image for each pointing was 
then created after applying a strong taper to the 
data (i.e., devaluing the longer baselines to create 
a lower resolution map extending well past the first 
null in the primary beam) . This image was used to 
identify flanking sources falling in the beam's side- 
lobes, which is necessary to properly remove their 
contributions in the primary beam. Once identi- 
fied, coordinates for the flanking sources were ob- 
tained from the NVSS, which has properly treated 
the shift in apparent position due to the 3D effect. 

Producing the final maps for each pointing was 
then performed iteratively. The B-array data were 
reduced first, followed by the D-array data. The 
primary beam was imaged in four separate facets 
to reduce the 3D effect, with flanking sources 
boxed and cleaned. The resulting maps were in- 
spected and all sources boxed, followed by a sec- 
ond imaging of the uv data. The output of this run 
was then used to self-calibrate the uv data (phases 
only), with the new self-calibrated data then being 
used in another imaging run. The output of this 



run was then used to further self-calibrate the data 
(now on both amplitude and phase), and the re- 
sulting uv data was inspected and interference ex- 
cised. Any new faint sources which had appeared 
in the images were boxed, and a semi-final imag- 
ing of the modified uv data was performed. The 
net result of these steps was typically a reduction 
of ~ 15% in the noise relative to the initial map- 
ping. Once this point had been reached for both 
the B and D array datasets, the two were com- 
bined into a single uv dataset and imaged. A cir- 
cular restoring beam of 5.9" was used to create the 
final images for each pointing. 

The reduced images for each pointing were then 
stitched together to form the final mosaic maps. 
This was performed by weighting each location in 
a given pointing by its S/N, which is just the power 
pattern of the primary beam. In this step, each 
map was truncated at 70% of the primary beam 
(about 20'). Thus, locations at the pointing cen- 
ters receive full weight in the final output map 
whereas locations distant from the pointing cen- 
ters are devalued. The final mosaic had an rms 
noise of about 30 /zJy beam -1 in the center. At 
the very edges, where fewer individual pointings 
contribute to the mosaic, the noise level was still 
only ~ 45 /iJy beam -1 . Our radio maps do not 
successfully image the extended diffuse radio halo. 
Its presence is likely indicated by a slight increase 
in the rms noise in the regions of the map where 
it should be located (from around 30 /xJy to just 
under 40 /xJy). 

The AIPS task SAD ("search and destroy") 
was used to identify sources in the final mosaic. 
This task was directed to locate all sources with 
peak fluxes greater than four times the rms noise 
level determined over the surrounding ~ 30'. SAD 
fits these sources with Gaussians and notes their 
positions and fluxes. It also creates a residual 
map, which was inspected to locate any extended 
sources not well fit by Gaussians. These were man- 
ually added to the lists, with fluxes determined 
directly by boxing the sources. Each radio source 
was then inspected, and only those with either 
peak or integral fluxes greater than five times the 
local noise (over the surrounding 5') were included 
in the final radio source lists. In total, the radio 
source list contained over 1200 members. 
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2.2. Optical Imaging 

Optical images (R c ) of Abell 2255 were ob- 
tained during July 1999 using the KPNO 0.9 me- 
ter telescope. These were taken with the Mosaic 
camera, providing a 59' field at a pixel scale of 
0.43". To cover the spacings between the eight in- 
dividual chips in Mosaic, we adopted the standard 
dither sequence of five images per telescope point- 
ing. The wide field of Mosaic allowed Abell 2255 
to be imaged well past its Abell radius in only four 
pointings. A fifth, deeper pointing was centered on 
the cluster core. The net exposure time was 750 
seconds for each of the four shallower images and 
1500 seconds for the deeper central pointing. Ob- 
servations of three Landolt Selected Areas (Lan- 
dolt 1992) were performed at a range of airmass 
(1.2 to 2.3) to provide photometric calibration. 

The reductions were done following the steps 
suggested in the NOAO CCD Mosaic Imager User 
Manual 3 . A sequence of eight bias frames were 
stacked to create a superbias, and a flat field to 
handle pixel-to-pixel sensitivity variations in the 
CCDs was created from a set of eight dome flats. 
The wide field of Mosaic presents an additional 
challenge in flat fielding. To produce a flat which 
accurately corrects for the illumination pattern of 
the telescope and detector, all of the night's tar- 
get exposures were used (including observations 
of standards and another cluster, Abell 2256). 
These were scaled by their modes and stacked af- 
ter careful rejection of peaks (cosmic rays, stars, 
and galaxies) to create a sky flat. This sky flat 
was then boxcar smoothed to approximately the 
same signal-to-noise as the dome flat. The CCD- 
PROC task in the MSCRED package was then 
used to overscan subtract, bias subtract, flat field, 
and trim the raw images using the aforementioned 
calibration frames. The five dithers for an indi- 
vidual pointing were then combined, with relative 
astrometry determined using ~50 stars per field. 
The rms coordinate shifts among the dither images 
were less than 0.3 pixels. The stars also were used 
to match the intensity scales of the five dithered 
images, which were consistent to well under 1% as 
would be expected for photometric conditions. 

The three Landolt Selected Areas provided a 
total of ~ 70 standard stars for photometric cali- 

3 Jacoby et al., http://www.noao.edu/kpno/mosaic/manual/ 
and http://iraf.noao.edu/projects/ccdmosaic/Rcductions 



bration. These were used to fit the dependence of 
magnitude on airmass, but no color term was ap- 
plied. The derived relationship was m — mi nst — 
0.10X+2.5 logt+C, where m,i ns t is the instrumen- 
tal magnitude, X is the airmass, t is the time, and 
C a constant. Comparison of derived magnitudes 
for the standard stars vs. their published values 
suggests the photometry is accurate to within 0.05 
magnitudes. 

Astrometric registration for the images was per- 
formed using the USNO A2.0 catalog (Monet et 
al. 2000). The USNO A2.0 catalog is the opti- 
mal choice for the astrometry, as its coordinate 
system is tied to the radio reference frame using 
distant quasars. The catalog also includes faint 
stars, which are an improvement over the brighter 
HST Guide Star Catalog stars because they will 
not be saturated in the images. The use of satu- 
rated stars leads to errors in fitted centers and con- 
sequently less accurate registration. Several hun- 
dred USNO A2.0 stars were used per Mosaic field. 
The coordinate solution relative to these stars was 
determined, and any stars which produced large 
residuals relative to this fit were removed (usually 
around 10 stars per Mosaic field). Presumably, 
these stars correspond to those with large proper 
motions. The residuals of the final astrometric so- 
lutions were around 0.4". 

Lists of optical sources were generated using the 
SExtractor software package (Bertin & Arnouts 
1996). Our magnitudes were derived using the 
Gunn-Oke (Gunn & Oke 1975) metric aperture, 
which corresponds to a radius of 13.1 kpc using 
our adopted cosmology. Optical galaxies brighter 
than M* R = -20 (i.e., m* R + 2 using M* R = -22; 
Owen & Laing 1989) were included in the formal 
list of potential cluster radio galaxies, as in Miller 
& Owen (2001). This corresponds to mn c — 17.51 
for Abell 2255, adjusted for A Rc = Om". Finally, 
the images were visually inspected to confirm the 
star/galaxy segregations made by SExtractor. 

The list of optical galaxies was then correlated 
with the list of radio sources. For this procedure, 
we adopt a maximum probability for chance coin- 
cidence of radio and optical sources of 0.5% (for 
a brief description, see Miller & Owen 2001). For 
Abell 2255, this amounted to a maximum posi- 
tional separation of just over 6". In practice, only 
one galaxy with unresolved radio emission had a 
radio-optical separation of more than 3". Over- 
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lays of radio contours on the optical images were 
also used to locate radio galaxies with extended 
emission, whose fitted Gaussian positions need not 
necessarily correspond to optical positions. The 
resulting list contained 64 candidate radio galax- 
ies brighter than Mr c — — 20 and within 3 Mpc of 
17:12:45 +64:03:54, the adopted center coordinate 
of Abell 2255 (corresponding to the centroid of the 
cluster X-ray emission; Feretti et al. 1997). 

Abell 2255 is also within the regions included 
in the SDSS EDR. While we have used our own 
R c imaging to create our formal list of radio 
galaxy candidates, we have also obtained the 
SDSS u'g'r'i'z' photometry for all galaxies in the 
surveyed area. 

2.3. Optical Spectroscopy 

An aggressive campaign of optical spectroscopy 
has been staged for this cluster. Hill et al. (2003, 
Paper 1) details multifibcr spectrograph observa- 
tions, and many of the radio galaxies were ob- 
served individually using long slits (see Miller & 
Owen 2001, 2002). Finally, the SDSS EDR con- 
tains hundreds of measured velocities in the Abell 
2255 region. From the center of the cluster out 
to a radial separation of one degree, there are 323 
cluster velocities presented in Paper 1. 

Consequently, velocity measurements existed 
for all 64 of the candidate cluster radio galaxies. 
Adopting a systemic velocity of 23988 km s _1 , all 
galaxies within three times the cluster velocity dis- 
persion of 1201 km s _1 were taken to be cluster 
members (values derived from Paper 1 data for 
our 3 Mpc limit, using the biweight estimators 
of Beers, Flynn, & Gebhardt 1990). This pro- 
duced a list of 46 cluster radio galaxies, along with 
four foreground radio galaxies and 14 background 
radio galaxies. Two of the apparent background 
radio galaxies had somewhat uncertain velocities. 
The spectra of these galaxies exhibited no emis- 
sion lines, and cross correlation of their spectra 
with a variety of templates yielded their velocities 
at relatively low confidence (as parametrized by 
R; see Tonry & Davis 1979). These velocities were 
adopted, the viability of which will be discussed in 
greater detail below. 

In the absence of spectroscopy, galaxy colors 
may be used to produce a rough assessment of ve- 
locities. We have correlated the velocity database 



with the SDSS EDR photometry. In Figure 1 
we plot the r' magnitudes vs. g' — i' colors for 
all galaxies in the Abell 2255 region with mea- 
sured velocities. We have used only galaxies with 
r' < 18 for this figure (slightly fainter than our 
TOft c < 17.51 limit, corrected for the different fil- 
ter bandpasses). Galaxies within the cluster are 
represented by filled circles, while foreground and 
background galaxies are plotted as open triangles 
and open circles, respectively. Cluster radio galax- 
ies (within the adopted magnitude and radial lim- 
its) are depicted as crosses. The cluster red se- 
quence is obvious, with many galaxies clustered 
along the line defined by g' — i' ~ 1.35. This is the 
expected g 1 — i' color for ellipticals and SOs at the 
cluster rcdshift (Fukujita, Shimasaku, & Ichikawa 
1995). It may also be seen that background ellip- 
ticals follow a well-defined sequence extending up 
and to the right (i.e., redder colors with increas- 
ing apparent magnitude) . The two apparent back- 
ground galaxies with somewhat uncertain veloci- 
ties are plotted as crosses. These galaxies lie along 
the sequence of background elliptical galaxies, and 
consequently we are confident that they are back- 
ground sources. Finally, about half of the fore- 
ground galaxies belong to a group at <~ 16100 km 
s _1 , including two which were also radio sources. 

Table 1 presents the data for the confirmed ra- 
dio galaxies. This includes positions, 1.4 GHz 
flux densities, photometry, and velocities for all 
46 cluster radio galaxies. Additional radio sources 
are presented in Table 2. These include the 18 
foreground and background galaxies identified us- 
ing the formal criteria for the sample, plus an ad- 
ditional 19 radio galaxies with velocity measure- 
ments. These latter sources were identified by cor- 
relating the complete velocity database with the 
radio source list, and include: 1) two cluster ra- 
dio galaxies located just outside the 3 Mpc ra- 
dial limit, 2) three cluster radio galaxies which 
were optically too faint for inclusion in the sam- 
ple (m_R c > 17.51), 3) one foreground radio galaxy 
with mR c > 17.51, and 4) 13 background radio 
galaxies with > 17.51. Included among the 
background sources are three SDSS QSOs with 
z > 1 (J170911+642210, J171330+644253, and 
J171400+640940). Their radio fluxes are below 
the limit of the FIRST survey, which is being used 
to identify radio QSOs from SDSS data. In total, 
this study has ascribed radio emission to 83 galax- 
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ies with measured velocities. 

The cluster radio galaxies were classified on the 
basis of their emission and absorption features. In 
general, this classification amounted to identify- 
ing the source of the radio emission as due to star 
formation or an active nucleus. All galaxies with 
emission line spectra were classfied using line ratio 
diagnostics (e.g., Baldwin, Phillips, & Terlevich 
1981; Veilleux & Osterbrock 1987) after correct- 
ing for stellar Balmer absorption. Details of the 
line measurement procedure and galaxy classifica- 
tion are described in Miller & Owen (2002). The 
same procedure was applied to the SDSS data, ex- 
cept that the SDSS uses 3" fibers for collection of 
spectra and consequently provides only a nuclear 
spectrum. In addition to these classifications, we 
have classified the radio galaxies using the scheme 
adopted by the MORPHS collaboration (Dressier 
et al. 1999). The classifications for the cluster ra- 
dio galaxies may be found in Table 1. 

3. Results 

3.1. Overview of the Radio Source Popu- 
lation 

As has been noted in prior studies, Abell 2255 
has an unusually large number of galaxies with 
extended radio emission. There are six cluster ra- 
dio galaxies with FR I or II morphologies, which 
ranks it among the richest of all Abell clusters in 
terms of number of such sources (e.g., see Ledlow 
& Owen 1995). These powerful radio galaxies are 
not exclusively located in the core of the cluster. 
In fact, one of the noted cluster radio galaxies just 
outside the 3 Mpc radial limit is an FR I (the ex- 
treme clustercentric distance of this radio galaxy 
was also noted in Harris, Kapahi, & Ekers 1980). 
The six cluster radio galaxies with FR I and FR II 
morphologies are shown in Figure 2-6, along with 
the FR I associated with the cluster but outside 
the 3 Mpc limit (Figure 7) . An eighth galaxy with 
extended radio emission (J171406+641602, shown 
in Figure 8) is clearly a background radio galaxy. 
Feretti et al. (1997) noted this source as a potential 
cluster member based on its radio morphology, but 
its measured velocity places it at z ~ 0.25. It may 
also be seen to lie along the locus of background 
ellipticals in Figure 1 (r' = 17.63, g' - i' = 2.15). 
Several other extended radio sources with appar- 
ent optical hosts fainter than our cutoff magnitude 



were noted, although none of these have measured 
velocities and all are likely at higher redshift based 
on their optical magnitudes, colors, and radio mor- 
phologies and fluxes. 

The radio observations also detected numerous 
star forming galaxies in the cluster. In total, at 
least 26 galaxies exhibit emission lines indicative 
of current star formation. In several instances, 
these emission lines are very strong and narrow 
and indicate a starburst galaxy of type e(b) in 
the MORPHS classification system. Formally, we 
identify two of these type galaxies although we 
note that a third galaxy may also be of this type. 
The wavelength coverage of our spectroscopy of 
this galaxy narrowly missed the [On] line (rest 
frame 3727A). This galaxy had an Ha+[Nll] 
equivalent width > 140A, and therefore probably 
has an [On] strength sufficiently large as to clas- 
sify it as e(b). In addition to these three galax- 
ies, we note that a few other galaxies have spec- 
tra resembling starbursts (e.g., J171223+640829) 
but do not quite meet the requirement to be e(b) 
galaxies and are therefore classified as e(c) in the 
MORPHS classification system. Such spectra are 
more representative of a continuous star formation 
history (Poggianti et al. 1999). 

There is also a relatively large population of 
galaxies with e(a) spectra in the cluster. These 
galaxies have emission of [O n] indicating current 
star formation, but also have unusually strong H<5 
absorption. Poggianti et al. (1999) used both mod- 
els and observational arguments to demonstrate 
that galaxies with this type of spectrum are most 
likely associated with dusty starbursts. The dust 
extinction is age dependent, with younger stars 
more heavily obscured. We identify at least five 
such galaxies. While J171 117+642033 has an H<5 
equivalent width of 4.8A in absorption, the error 
in this quantity is very large (3.2A) and we tenta- 
tively classify it as an e(c) galaxy. There is also a 
k+a galaxy (i.e., a post-starburst or "E+A" spec- 
trum) from which the Ha, [Nil], and [S n] lines in- 
dicate current star formation (J171334+634926). 
Galaxies with such spectra are manifestations of 
the e(a) class in which dust extinction has entirely 
removed the [On] emission, or reduced it below 
the noise level of the spectrum (Poggianti et al. 
1999). 

Two further galaxies may be more extreme ex- 
amples of star formation hidden by large dust ex- 
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tinction. J171207+640832 has a k+a spectrum 
and no emission line evidence for star formation, 
yet its radio luminosity (5.8 x 10 21 W Hz -1 ) places 
it in the portion of the radio luminosity function 
which is dominated by star forming galaxies. Con- 
squently, it may represent an extreme example of 
current star formation in highly dust-obscured re- 
gions (Smail ct al. 1999; Miller & Owen 2001). 
One further cluster radio galaxy may be another 
example of this type of spectrum, but its spec- 
trum is too noisy to state this with confidence 
(J171400+640542). 

The remaining cluster radio galaxies appear to 
be AGN of lower radio luminosity. There were 
12 such objects, seven of which exhibited emission 
lines representative of Seyfert or LINER activity. 
The five remaining galaxies had absorption line 
spectra and were associated with fairly bright el- 
liptical and SO galaxies. These appear to be a 
lower luminosity extension of the more powerful 
radio AGN. 

3.2. Radio Galaxy Positions and Relation 
to X-ray Emission 

Abcll 2255 has been the target of several X- 
ray observations (Burns et al. 1995; Feretti et al. 
1997; Davis & White 1998), making data available 
for comparison of the X-ray emission of the cluster 
to the distribution of the radio sources. In Figure 
9 we plot the ROSAT PSPC data for the clus- 
ter. The large circle indicates the 3 Mpc radial 
limit of this study, whose center is the approxi- 
mate centroid of the X-ray emission. The X-ray 
emission is clearly elongated in the East- West di- 
rection (which is also evident in the distribution 
of the brightest galaxies in the cluster core), ar- 
guing that this is the primary axis of the cluster- 
cluster merger (e.g., Burns ct al. 1995). Feretti 
et al. (1997) also demonstrate that the radio halo 
aligns well with the cluster X-ray emission. 

The locations of the radio sources are indicated 
in Figure 10 and 11 (they were omitted from Fig- 
ure 9 for clarity). The locations of the AGN 
are shown in Figure 10, with diamonds represent- 
ing AGN with absorption-line spectra (which in- 
clude all of the powerful radio galaxies with ex- 
tended emission) and triangles the emission-line 
AGN. For reference, the radio galaxy nearest the 
X-ray centroid is J171251+640424, an emission- 
line AGN with a LINER spectrum. Its separa- 



tion from the X-ray centroid is about 45". The 
centroid is also bracketted by three of the FR I 
galaxies and the FR II galaxy (Figure 2-4). A 
general correspondance between the AGN and the 
X-ray emission can be seen, with the central core 
of the AGN distribution being elongated in the 
East- West direction. 

The star forming galaxies (Figure 11) do not 
exhibit the same East- West alignment. In fact, 
they appear to be distributed preferentially along 
an axis running from the Southeast to the North- 
west. This is more evident when one considers 
the spectral type of the star forming galaxies. In 
particular, the star forming galaxies with evidence 
for a current or recent burst of star formation (the 
MORPHS classes e(a), e(b), and the k+a galaxy 
which is forming stars) are all along this general 
axis. The location of the k+a galaxy without any 
optical emission lines is also along this axis. The 
visual interpretation of an alignment of the star 
forming galaxies was tested through the use of a 
Fourier Elongation Test (see Pinkney et al. 1996). 
When all the star forming galaxies were included, 
there was no evidence for a prefered axis in the 
galaxy distribution. However, removal of the six 
star forming galaxies at radii larger than 2 Mpc 
(all of which are e(c) galaxies) produced a result 
significant at ~ 99% confidence. That is to say, the 
distribution of the star forming galaxies within 2 
Mpc of the cluster center is more elongated than 
986 out of 1000 Monte Carlo simulations of the 
data. 

Possible additional evidence for this prefered 
axis for the star forming galaxies may be seen 
in the optical morphology of one of the identi- 
fied starburst galaxies. A grey-scale image of this 
galaxy (J171320+640034) is shown in Figure 12. 
At least three "streamers" can be seen pointing 
away from the galaxy toward the SE. The radio 
emission from the galaxy peaks along the central 
streamer. The absolute magnitude of this galaxy 
is Mr c — —20.1, making it one of the fainter galax- 
ies in the study. Its radio luminosity is 6.3 x 10 21 
W Hz" 1 . 

3.3. Comparison to Other Clusters 

In order to assess whether Abell 2255 is truly 
unusual in terms of its radio galaxy population, 
statistical tests were performed which compared 
the cluster to a composite sample of 19 other 
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nearby clusters (Miller & Owen 2002). The full 20 
cluster sample consists of 18 clusters studied using 
NVSS data, plus Abell 2255 and Abell 2256. The 
radio observations for Abell 2256 were performed 
concurrently with the Abell 2255 program, and 
are discussed in a separate paper (Miller, Owen, 
& Hill 2003). The statistical tests effectively eval- 
uate differences in the radio luminosity function 
(ELF) of Abell 2255 as compared to the RLF of 
the other clusters. The typical number of radio 
galaxies per cluster is around 20, which often lim- 
its the significance at which conclusions may be 
drawn for a given cluster. However, this problem 
is largely avoided in the case of Abell 2255 due to 
its large number of radio galaxies. 

First, we ask whether the shape of the RLF for 
Abell 2255 differs from that of the other clusters. 
This was tested through application of a KS test, 
and requires no information other than the radio 
luminosities of the galaxies in all twenty clusters. 
A sample consisting of all clusters other than the 
cluster being studied is created, and the null hy- 
pothesis is that the radio luminosities of the clus- 
ter in question were drawn at random from the 
complete sample. This hypothesis could not be re- 
jected with any reasonable level of confidence for 
any cluster in the sample, including Abell 2255. 
Thus, despite the unusually high number of pow- 
erful radio galaxies in Abell 2255, there is no ev- 
idence that such sources are more numerous than 
would be expected given the rest of the radio pop- 
ulation in the cluster. 

However, this does not examine the normal- 
ization of the RLF — the frequency with which 
galaxies in Abell 2255 are radio sources relative 
to galaxies in other clusters. Rephrased, is the 
fraction of radio galaxies to total cluster galaxies 
greater in Abell 2255 than in other clusters? This 
question is similar to that used in other studies 
of galaxy evolution, such as the Butchcr-Oemler 
effect (Butcher & Oemler 1984). A statistically 
significant larger fraction of radio galaxies would 
be an indication of increased activity within Abell 
2255 (a higher normalization for the Abell 2255 
RLF), which may then be used to assess the poten- 
tial environmental attributes of the cluster which 
give rise to such an effect. 

To formally test the radio galaxy fractions, we 



used a chi-square statistic: 

»=i j=i eij 

Here, the index k implies that up to k different 
groups could be compared to evaluate whether any 
given one differed from the others. For compari- 
son of clusters individually against the collective 
sample created by the other clusters, k = 2. The 
index j refers to whether a galaxy is detected or 
not detected in the radio, so fij represent the ac- 
tual number of radio and non-radio galaxies and 
£ij = n-i9 the number of expected radio and non- 
radio galaxies. The latter quantity is determined 
based on the number of galaxies in the cluster be- 
ing tested (rii) and the radio galaxy fraction de- 
rived from the collective sample (6) . The resulting 
statistic is distributed as a chi-square with k — 1 
degrees of freedom. One potential weakness of this 
test is that it can be adversely affected by small 
number statistics; small expected values (e^) pro- 
duce artificially high significance. Consequently, 
we have dismissed any results that included an 
< 1. 

The number of cluster members for each clus- 
ter was estimated by counting all galaxies within 
3 Mpc as a function of magnitude. This total 
number was corrected for background counts by 
assuming that the surface density of background 
galaxies is represented by N — A/"10 6m , where 
M = 1.26 x 10~ 5 galaxies steradian -1 . This 
value of Af was determined directly from the re- 
gions at the outskirts of the poorer clusters in 
the collective sample, and is consistent with that 
found in other studies (e.g., M = 1.43 x 10 -5 
and 1.04 x 10 -5 galaxies steradian -1 for Peebles 
1973; Yee & Lopez-Cruz 1999, respectively). Fi- 
nally, since the 18 nearer clusters of the sample all 
used the NVSS as their source of radio data we 
have only included galaxies with radio luminosi- 
ties above 6.9 x 10 21 W Hz -1 , which amounts to 
a flux of 3.4 mJy at the farthest cluster for which 
NVSS data were used (note that this correponds to 
about 580 /xJy in Abell 2255, significantly above 
our achieved flux limit). The galaxy counts are 
summarized in Table 3. 

The tests were also performed separately for 
cluster galaxies within 3 Mpc (the limit of our sur- 
veys) and 2 Mpc (about an Abell radius). There 
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was substantially more variation among the clus- 
ters when using the 3 Mpc radius (see Table 3), 
as it accentuates the contribution due to the back- 
ground correction. Consequently, we will focus on 
the results obtained for galaxies within 2 Mpc of 
the cluster centers. 

Two clusters were found to have significantly 
different radio galaxy fractions than the rest of 
the sample: Abell 1185 and Abell 2255, each at 
99% confidence. In each case, the cluster had a 
larger fraction of radio galaxies than would be ex- 
pected. For Abell 1185, these were exclusively 
lower luminosity radio galaxies (defined here as be- 
low 10 23 W Hz" 1 ) while for Abell 2255 the more 
dramatic increase in radio galaxy fraction was for 
the higher radio luminosity galaxies. This result 
was expected based on the unusual number of ex- 
tended radio galaxies noted in Section 3. Abell 
2255 also had a possible excess of low luminosity 
radio galaxies, with a signficance level of just over 
87%. When examining just the lower luminosity 
radio galaxies, Abell 2634 also appeared unusual 
in that it had a lower fraction of radio galaxies 
than would be expected (about 98% significance). 

What types of galaxies are producing these re- 
sults? To investigate this question, we examined 
the radio galaxy populations in light of their op- 
tical magnitudes. The same analysis was per- 
formed on subsets of the cluster galaxies corre- 
sponding to bright galaxies {Mr c < —22), inter- 
mediate galaxies (—21 > Mr c > —22), and faint 
galaxies (-20 > M Rc > -21). As noted before, 
this yielded a larger number of inconclusive re- 
sults due to low expected numbers of radio galax- 
ies, but still provided useful insight for many of 
the clusters. It was confirmed (97.5%) that the 
excess of high radio luminosity galaxies in Abell 
2255 were the optically brightest galaxies (which 
is to be expected, since the probability for a galaxy 
to have a powerful radio source increases with op- 
tical luminosity up to ~ M* — 0.5; Lcdlow & Owen 
1996). The excess in radio galaxy fraction in Abell 
1185 corresponded to intermediate optical magni- 
tude galaxies (97.1%; similarly, Abell 539 appears 
to also have more of these type galaxies than the 
other clusters, at over 99%). Dividing the sample 
into ranges in optical magnitude also revealed a 
second striking difference between Abell 2255 and 
the other clusters: Abell 2255 has a remarkable 
excess of optically-faint radio galaxies (over 99.9% 



significance). When performing the comparisons 
without the breakdown by optical magnitude, this 
population was missed because Abell 2255 's radio 
fraction of intermediate magnitude galaxies was 
consistent with the rest of the sample. 

The results for Abell 2255 are depicted graphi- 
cally in Figure 13. We have plotted radio galaxy 
fractions as a function of radio luminosity (i.e., 
a radio luminosity function) for Abell 2255 rela- 
tive to the rest of the sample. The top left panel 
corresponds to all radio galaxies brighter than 
Mr c = —20, where the increased radio galaxy 
fraction in Abell 2255 is evident. The other three 
panels correspond to the results for the three sub- 
sets created by optical magnitude. 

It should be noted that the present discussion 
has not separated the radio galaxies into those 
powered by star formation and those powered by 
AGN, as was done in Section 3.1. This separa- 
tion is not possible for the entire comparison sam- 
ple, as we lack spectroscopy for about half of the 
galaxies. 4 In general, the fainter galaxies are most 
often associated with star formation, the brighter 
galaxies with AGN (usually associated with ellip- 
tical host galaxies and lacking emission lines), and 
the intermediate galaxies representing a mixture 
of star forming galaxies and AGN (including emis- 
sion line AGN such as Seyferts and LINERs). In 
the case of Abell 2255, there are 22 galaxies falling 
in the optically defined faint category (i.e., top 
right of Figure 13). The complete spectroscopy 
for the cluster enables us to note that 18 of these 
are star forming galaxies, with the remaining four 
including the two possible star forming galaxies 
with post-starburst spectra (J171207+640832 and 
J171400+640542) and a pair of weak emission 
line AGN. In the intermediate optical magnitude 
range, there are 16 galaxies evenly split between 
star forming and AGN. The eight bright galax- 
ies are exclusively AGN, with all but one lacking 
emission lines. Thus, the excess of radio sources 
among the optically-faint galaxies is almost exclu- 
sively attributed to star forming galaxies in Abell 
2255. 

Since the radio galaxies are defined as clus- 
ter members only after they have been confirmed 
as such using spectroscopic measurements, the 

4 Note that velocities placing these galaxies in their respec- 
tive clusters were obtained from the literature. 
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largest source of potential error in this calcula- 
tion is the background correction. The effect of 
changing the assumed value of JV is minimal, as 
it is applied to all clusters of the sample. The 
much more critical parameter is cosmic variance, 
or the large variation in galaxy counts over differ- 
ent regions of sky. To determine whether Abell 
2255 only appears to have a high fraction of radio 
galaxies because it happens to lie in a region where 
the background is low, we investigated the radio 
galaxy fractions with different assumptions about 
the background correction. In these cases, we 
maintained Af — 1.26 x 1CP 5 galaxies steradian -1 
for the other 19 clusters but lowered it for Abell 
2255. To reduce the significance of Abell 2255's 
high net radio galaxy fraction to below 95% re- 
quired that the background be 50% lower. The 
result was even more striking for the optically faint 
galaxies. If all galaxies between m* R + 1 and 
77ijj c + 2 were cluster members (hence no back- 
ground correction, and the lowest possible radio 
galaxy fraction), Abell 2255 would still exhibit an 
excess of radio galaxies in this magnitude interval 
at 97.5% confidence. 

4. Discussion 

The data presented indicate that Abell 2255 is 
an unusually active cluster of galaxies. It shows 
an excess of both powerful radio galaxies as well 
as optically faint star forming galaxies. The spec- 
tra of many of the star forming galaxies show ev- 
idence for current or recent bursts of star forma- 
tion, strengthening the argument for increased ac- 
tivity in the cluster. Furthermore, the distribution 
of the star forming galaxies (and particularly those 
with evidence for current or recent starbursts) is 
elongated in a direction roughly perpendicular to 
the elongation of the X-ray emission and radio 
halo. 

What is it about this cluster that is so con- 
ducive to these types of activity? We searched 
for correlations between the radio galaxy fractions 
and two simple parameters of the clusters. There 
was no evidence for any correlation of radio galaxy 
fraction with cluster richness (as parametrized by 
number of galaxies). Also, no correlation was 
found between radio galaxy fraction and the "com- 
pactness" of the clusters, described as the number 
of galaxies within 0.5 Mpc divided by the number 



of galaxies within 2 Mpc. 

We are led to the notion that the dynamical 
state of Abell 2255 is somehow responsible for its 
unusually large number of radio galaxies. Owen 
ct al. (1999) found very different levels of activity 
for the clusters Abell 2125 and Abell 2645. These 
clusters were chosen as they have the same rich- 
ness and lie at the same redshift, yet Abell 2125 
has a large fraction of blue galaxies whereas Abell 
2645 does not. This difference was confirmed via 
deep radio observations and optical spectroscopy, 
and the authors noted that Abell 2125 is a likely 
cluster-cluster merger whereas Abell 2645 appears 
more virializcd. Consequently, they concluded 
that cluster-cluster mergers might have a dramatic 
effect on galaxies. Given the large amount of evi- 
dence that Abell 2255 is a cluster-cluster merger, 
we are led to the conclusion that such activity is 
probably responsible for the excess of radio galax- 
ies in the cluster. 

X-ray, radio, and optical data point toward the 
merger axis for Abell 2255 being aligned roughly 
East- West and close to the plane of the sky. This 
axis is easily seen in the X-ray emission of the clus- 
ter (see Figure 9), and corresponds well with the 
cluster's radio halo (Feretti et al. 1997). This is 
also revealed in optical images from the general 
alignment of the brighter galaxies at the center of 
the cluster. Simulations of a head-on collision be- 
tween two clusters presented in Burns et al. (1995) 
suggest that the merger axis is oriented « 30° from 
the line of sight to the cluster, and that the system 
is viewed only a short time after the cores of the 
two progenitor clusters have crossed (« 0.13 Gyr). 

How can such a merger explain the types of 
radio galaxies observed and their distributions? 
The case for the powerful radio galaxies is fairly 
straightforward. Galaxies of this type are among 
the more massive ellipticals in clusters, and are 
consequently located near the centers of clusters. 
They should therefore be distributed along the 
merger axis, which is the general impression one 
gets from Figure 10. Four of the FR I sources 
and the FR II source may be found approximately 
along the East- West axis and within ~ 1.5 Mpc of 
the cluster center. 

However, while combining two clusters would 
clearly increase the overall number of powerful ra- 
dio galaxies, an increased radio galaxy fraction for 
such sources would result only if previously quies- 
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cent elliptical galaxies were triggered into becom- 
ing powerful radio sources. Feretti et al. note this 
possibility in reference to J171329+640249, which 
has a radio morphology consisting of two compact 
yet strong lobes of emission (see Figure 3). Galax- 
ies with this type of morphology are typically 
much larger, leading them to suggest its small size 
was consistent with its radio emission being trig- 
gered by the recent merger. Additionally, mergers 
may prove necessary in the explanation of galax- 
ies with head-tail morphologies. Such mergers can 
produce large relative velocities between the host 
galaxy and the intracluster gas. In the model of 
Jones & Owen (1979), beams of radio-emitting 
material originate in the nucleus of the tailed ra- 
dio galaxies. These beams are deflected by the 
host galaxy's ISM into the wake which follows be- 
hind the galaxy as it moves through the intraclus- 
ter gas. Turbulence then serves to reaccelerate the 
particles in the wake and thereby power the radio 
emission in the tail. Alternatively, it is possible 
that no new powerful radio galaxies have been cre- 
ated in the merger. As a region rich in substruc- 
ture (Paper 1), Abell 2255 may contain an excess 
of elliptical galaxies which were formerly associ- 
ated with groups which have collected to form the 
cluster. 

Cluster mergers may also initiate bursts of star 
formation in member gas-rich galaxies. Gunn & 
Gott (1972) noted that field galaxies falling into a 
cluster would experience ram pressure through in- 
teraction with the ICM. Dressier & Gunn (1983) 
argued that this could induce bursts of star for- 
mation as the molecular clouds of infalling galax- 
ies get compressed. Edge et al. (1990) related this 
to mergers and the Butcher-Oemler effect, since 
merger activity would have been more common in 
the past. In addition, the Butcher-Oemler effect is 
an averaged trend meaning that not all intermedi- 
ate redshift clusters have increased blue fractions. 
This spread in blue fraction fits in with a spread 
in dynamical state. 

However, the role of the ICM on the star for- 
mation of member galaxies is complicated by strip- 
ping. While denser molecular clouds may be com- 
pressed and lead to bursts of star formation, ram 
pressure appears to be highly effective at removing 
neutral gas from infalling galaxies. Quilis, Moore, 
& Bower (2000) argued that ram pressure strip- 
ping could remove the entire gas supply of the 



galaxy in a very short time period (~ 10 8 years). 
This is particularly true for less massive galaxies, 
such as the fainter star forming galaxies seen in 
Abell 2255. Once a cluster member galaxy has lost 
its gas reservoir, there is no reason to believe that 
it could resume a significant star forming episode. 

Roettiger et al. (1996) discussed the obser- 
vational consequences of cluster-cluster mergers. 
Their simulations presented an attractive theory 
which explains both the nature of Abell 2255 's 
star forming galaxies and their distribution. As a 
subcluster falls into a larger cluster, it develops a 
bow shock which serves to protect the subcluster 
galaxies and ICM. As the subcluster approaches 
the core of the primary cluster, this shock front 
slows and the subcluster galaxies pass through it. 
The large and rapid increase in ram pressure could 
initiate a burst of star formation, followed by trun- 
cation of the star formation due to gas stripping. 
While the subcluster galaxies are most affected 
by this process, it also applies to the galaxies in 
the primary cluster. The shock should also ex- 
tend over Mpc scales before dissipating, thereby 
affecting many cluster galaxies. Based on obser- 
vations of five nearby clusters with strong evidence 
for substructure, Caldwell & Rose (1997) argued 
for a similar evolutionary mechanism. The circum- 
stances in Abell 2255 are nearly ideal should this 
be occurring. As it appears to be observed just 
after core passage, star forming galaxies in both 
the subcluster and primary cluster would have re- 
cently interacted with the shock front. The view- 
ing geometry implies that star formation induced 
by such an effect would appear along a line cen- 
tered on the core of the cluster and at right angles 
to the merger direction. Indeed, this is what is 
observed (see Figure 11). 

As our straw model, we suggest that the pe- 
ripheries of the progenitor clusters in the Abell 
2255 merger system included a number of field- 
type galaxies. These galaxies would have been 
bound to the clusters but in fairly circular orbits 
which kept them well outside the destructive influ- 
ence of their parent cluster's intracluster gas. The 
merger would subject them to the environmental 
influences discussed above, often initiating bursts 
of star formation. The evidence for these episodes 
respresenting starbursts rather than more normal 
star formation is seen in their spectral classifica- 
tions. At least two are strong starbursts, and at 
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least six are of the spectral type associated with 
dusty starbursts (Poggianti et al. 1999; Poggianti 
& Wu 2000). Another galaxy has a k+a spectrum, 
indicating a burst of star formation has terminated 
in the galaxy within the past ~1 Gyr. Given the 
effectiveness of ram pressure stripping, once the 
initiated starburst has run its course the galax- 
ies will fade. The brighter spirals might end up 
as SO galaxies, but the majority of the observed 
star forming galaxies are likely to become dwarf 
spheroidals. 

The rapidity with which these galaxies burst 
and fade suggests that the combination of timing 
and observational limits is critical to their iden- 
tification. This helps to explain the different re- 
sults for the other cluster-cluster mergers of the 
sample. Abcll 2256 is another excellent cluster- 
cluster merger candidate, but other than a poten- 
tial excess of the most radio luminous galaxies it 
appears fairly normal. This cluster is believed to 
be an example of a pre-merger system (Sun et al. 
2002). Consequently, it is probably seen prior to 
the initiation of any bursts of star formation. The 
Coma cluster (Abell 1656) is another potential 
merger candidate. In fact, several authors have 
commented on the similarities between Coma and 
Abell 2255 (e.g., Davis & White 1998), including 
that each cluster has a radio halo and a pair of 
dominant galaxies. The evidence for Coma, how- 
ever, suggests that it is being seen post-merger 
(Burns et al. 1994). Any induced starbursts would 
have run their course, although the brighter ones 
might still be identified via post-starburst fea- 
tures. In fact, Caldwell et al. (1993) and Caldwell 
& Rose (1997) do note that the Coma galaxies 
with post-starburst features are located primarily 
in the Southwest of the cluster, consistent with 
a past merger in which the starbursts occurred 
near core passage. A further aspect of the straw 
model is that imposing an optical magnitude cut- 
off of Mji c < — 20 means that any fainter galax- 
ies which underwent bursts of star formation akin 
to those observed in Abell 2255 would have faded 
out of view. In fact, the deep spectroscopy in 
Abcll 2255 actually detects star forming cluster 
galaxies fainter than Mr c = —20 (see Table 2). 
These include J170902+641728, a very compact 
faint galaxy (M Rc = -19.0) and J170911+632940, 
a strong e(b) galaxy that lies just outside the 3 
Mpc limit (M Rc = -19.5). Another potential 



cluster starburst is J171346+641647, which has 
a velocity which formally places it outside of our 
cluster sample (cz — 28548). It is also faint, but 
bright enough to have passed our magnitude cut- 
off (Mr c = —20.3). The situation for Coma may 
be similar; the faint galaxy population is currently 
under study in a series of papers (e.g., Komiyama 
et al. 2001; Mobasher et al. 2001; Poggianti et al. 
2001). They do find that the fainter Coma galax- 
ies show more evidence for recent star formation. 

It is also intriguing to note that Abell 1185, 
with its increased fraction of radio galaxies with 
intermediate optical magnitudes, is a cluster with 
possible signs of a merger. Mahdavi et al. (1996) 
presented a fairly large number of velocities for 
Abell 1185 galaxies, and noted significant evidence 
for substructure found from these velocities. In 
addition, a comparison with the Einstein X-ray 
data indicates that the centroid of the X-ray emis- 
sion is offset from the optically-brightest galaxy by 
3'. However, spectroscopy of these galaxies reveals 
that many are AGN (Miller & Owen 2002). 

Another attractive feature of this explanation is 
its applicability to higher redshift clusters. Should 
mergers be important to cluster galaxy evolution, 
we would expect clusters to show increased signs 
of activity at earlier epochs when clusters were 
being assembled (e.g., Edge et al. 1990). It might 
also reconcile the results found by the MORPHS 
and CNOC collaborations for intermediate clus- 
ters. The MORPHS clusters were generally se- 
lected optically, while the CNOC clusters are X- 
ray selected. Consequently, the MORPHS clusters 
are more likely to contain multiple bright galax- 
ies (and hence, frequently cluster-cluster mergers) 
whereas the CNOC clusters are more likely to be 
virialized systems with bright central X-ray peaks. 
The populations of the two samples would thereby 
differ, with the MORPHS clusters showing large 
numbers of starburst and post-starburst systems 
and the CNOC clusters showing more quiescent 
histories for star forming galaxies. This explana- 
tion has been noted previously (e.g., Ellingson et 
al. 2001). 

Of course, the application of a single evolution- 
ary model to the cluster is an over-simplification. 
Not all of the radio sources fit in with the above 
picture. There are several galaxies with spectra 
representative of fairly normal star formation lo- 
cated at various points along the periphery of the 
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cluster. These are not aligned with the main dis- 
tribution of star forming galaxies, nor do they 
show any evidence for unsual bursts of star forma- 
tion activity. They do not therefore require any 
exotic explanation, as they could simply be nor- 
mal star forming galaxies just entering the clus- 
ter. The powerful radio galaxies also suggest that 
the cluster's activity is not confined to the merger 
of only two partners. While four of the FR-type 
sources are located in the center of the system and 
aligned roughly along the merger axis, a fifth is 
a full 1.2 Mpc to the East from the cluster cen- 
ter along this axis (J171509+640254). Another 
lies ~ 1.3 Mpc to the South (J171316+634738), 
while the most extreme example is just outside 
3 Mpc to the Northeast (J171530+643952). It 
would seem likely that these radio sources were as- 
sociated with groups other than the two primary 
merger partners. Their presence is still difficult to 
explain given the lack of any obvious associated 
X-ray emission in their vicinities (Figure 9, 10). 

5. Conclusions 

Abell 2255 is an unusually active cluster of 
galaxies. Through our 1.4 GHz radio observa- 
tions, which represent the most sensitive wide-field 
investigation of the cluster ever undertaken, we 
have identified 46 cluster radio galaxies. Included 
among these are six sources with FR I or FR II 
radio morphologies, which represents a marked ex- 
cess of such sources over typical clusters. A more 
striking excess is observed in the faint star forming 
population. This result is robust, being insensitive 
to the assumed background correction and cosmic 
variance. Thus, galaxies in Abell 2255 are more 
likely to be radio sources than comparable galax- 
ies in other clusters. 

The reason for this enhancement appears to 
be a fortuitous combination of factors related to 
the merger stage, geometry, and our observational 
limits. Abell 2255 is an excellent example of 
a dynamically-active cluster, viewed nearly at a 
right angle to a merger axis and shortly after 
the cores of the progenitor clusters have crossed. 
Models suggest that this situation implies that 
a large number of galaxies have recently crossed 
the shock front that formed between the progeni- 
tors, thereby causing a large spike in pressure on 
their interstellar matter and promoting a burst of 



star formation. The viewing geometry insures that 
these galaxies appear distributed roughly along a 
line perpendicular to the merger axis, an effect 
which is seen in the data. Furthermore, the spec- 
tra of the galaxies often indicate a burst of star for- 
mation rather than simple truncation. Interaction 
with the ICM will presumably remove the reser- 
voirs of neutral gas that these galaxies possess, 
so once they have exhausted their molecular gas 
in their current star formation episodes they will 
fade into a quiescent population. Hence, should 
the same cluster be viewed roughly one Gyr hence 
it would likely appear fairly normal in regards to 
its radio population. 

This model clearly requires additional testing. 
In addition to further numerical simulations, it 
needs to be evaluated using a larger sample of 
cluster-cluster mergers. These necessarily include 
merger systems viewed at a range of stages (from 
pre-core passage through post-core passage) and 
viewing geometries, plus deeper observational lim- 
its to better probe the faint galaxy population 
which appears critical to our understanding. This 
latter point is particularly true at higher red- 
shift, where merger activity is likely more common 
but absolute observational limits are higher. Of 
course, the evaluation of factors such as merger 
stage and viewing geometry is difficult and un- 
doubtedly requires both increased data (X-ray, 
galaxy kinematics, etc.) and numerical modeling 
of mergers. 

The authors thank Bill Oegerle, John Hill, and 
Rajib Ganguly for access to their spectroscopic 
database of Abell 2255, and an anonymous ref- 
eree for insightful comments. NAM thanks the Na- 
tional Radio Astronomy Observatory for a predoc- 
toral fellowship, and acknowledges the support of 
a National Research Council Associateship Award 
at NASA's Goddard Space Flight Center. 

Funding for the creation and distribution of the 
SDSS Archive has been provided by the Alfred P. 
Sloan Foundation, the Participating Institutions, 
the National Aeronautics and Space Administra- 
tion, the National Science Foundation, the U.S. 
Department of Energy, the Japanese Monbuka- 
gakusho, and the Max Planck Society. The SDSS 
Web site is http://www.sdss.org/. 

The Participating Institutions are The Univer- 
sity of Chicago, Fcrmilab, the Institute for Ad- 



14 



vanced Study, the Japan Participation Group, 
The Johns Hopkins University, the Max-Planck- 
Institutc for Astronomy (MPIA), New Mexico 
State University, Princeton University, the United 
States Naval Observatory, and the University of 
Washington. 

REFERENCES 

Baars, J.W.M, Genzel, R., Pauliny-Toth, U.K., & 
Witzel, A. 1977, A&A, 61, 99 

Baldwin, J., Phillips, M.M., & Terlevich, R. 1981, 
PASP, 93, 5 

Becker, R.H., White, R.L., & Helfand, D.J. 1995, 
ApJ, 450, 559 (FIRST) 

Beers, T.C., Flynn, K., & Gebhardt, K. 1990, AJ, 
100, 32 

Bekki, K. 1999, ApJ, 510, 15L 

Bcrtin, E., & Arnouts, S. 1996, A&AS, 117, 393 

Buote, D.A. 2001, ApJ, 553, L15 

Burns, J.O., Roettiger, K., Lcdlow, M.J., & 
Klypin, A. 1994, ApJ, 427, L87 

Burns, J.O., Roettiger, K., Pinkncy, J., Perley, 
R.A., Owen, F.N., & Voges, W. 1995, ApJ, 446, 
583 

Butcher, H., & Oemlcr, A. 1984, ApJ, 285, 426 

Caldwell, N., Rose, J. A., Sharpies, R.M., Ellis, 
R.S., & Bower, R.G. 1993, AJ, 106, 473 

Caldwell, N., & Rose, J.A. 1997, AJ, 113, 492 

Condon, J.J., Cotton, W.D., Grciscn, E.W., Yin, 
Q.F., Perley, R.A., Taylor, G.B., & Broderick, 
J.J. 1998, AJ, 115, 1693 (NVSS) 

Davis, D.S., & White, R.E. Ill 1998, ApJ, 492, 57 

Dwarakanath, K.S., & Owen, F.N. 1999, AJ, 118, 
625 

Dressier, A., & Gunn, J.R. 1983, ApJ, 270, 7 

Dressier, A., Smail, I., Poggianti, B.M., Butcher, 
H., Couch, W.J., Ellis, R.S., & Oemler, A., Jr. 
1999, ApJS, 122, 51 



Edge, A.C., Steward, G.C, Fabian, A.C., & Ar- 
naud, K.A. 1990, MNRAS, 245, 559 

Enfilin, T.A., & Gopal-Krishna 2001, A&A, 366, 
26 

Ellingson, E., Lin, H., Yce, H.K.C., Carlberg, R.G. 
2001, ApJ, 547, 609 

Evrard, A.E. 1991, MNRAS, 248, 8p 

Feretti, L., & Giovannini, G. 1996, in Extra- 
galactic Radio Sources, IAU Symp. 175, eds. 
R.Ekcrs, C.Fanti, & L.Padrielli, Kluwer Aca- 
demic Press 

Feretti, L., Bohringer, H., Giovannini, G., & Neu- 
mann, D. 1997, A&A, 317, 432 

Fujita, Y., Takizawa, M., Nagashima, M., & 
Enoki, M. 1999, PASJ, 51, LI 

Fujita, Y. 1998, ApJ, 509, 587 

Fukugita, M., Shimasaku, K., & Ichikawa, T. 
1995, PASP, 107, 945 

Giovannini, G., Tordi, M., & Feretti, L. 1999, New 
Astronomy, 4, 141 

Giovannini, G., & Feretti, L. 2000, New Astron- 
omy, 5, 335 

Gunn, J.E., & Gott, J.R. 1972, ApJ, 176, 1 

Gunn, J.E., & Oke, J.B. 1975, ApJ, 195, 255 

Hanisch, R.J. 1982, A&A, 111, 97 

Harris, D.E., Kapahi, V.K., & Ekers, R.D. 1980, 
A&AS, 39, 215 

Hill, J.M., Miller, N.A., Ocgcrlc, W.R., & Gan- 
guly, R. 2003, in submission 

Hwang, C.-Y. 1997, Sci, 278, 1917 

Jaffe, W.J., & Rudnick, L. 1979, ApJ, 233, 453 

Jones, T.W., & Owen, F.N. 1979, ApJ, 234, 818 

Komiyama, Y., et al. 2001, ApJ, in press 

Landolt, A.U. 1992, AJ, 104, 340 

Ledlow, M.J., & Owen, F.N. 1995, AJ, 109, 853 

Ledlow, M.J., & Owen, F.N. 1996, AJ, 112, 9 



15 



Lieu, R., Mittaz, J.P.D., Bowyer, S., Breen, J.O., 
Lockman, F.J., Murphy, E.M., & Hwang, C.-Y. 
1996, Sci, 274, 1335 

Mahdavi, A., Geller, M.J., Fabricant, D.G., & 
Kurtz, M.J. 1996, AJ, 111, 64 

Markevitch, M., Ponman, T.J., Nulscn, P.E.J. , 
Bautz, M.W., Burke, D.J., David, L.P., Davis, 
D., Donnelly, R.H., Forman, W.R., Jones, 
C, Kaastra, J., Kellog, E., Kim, D.-W., 
Kolodzicjczak, J., Mazzotta, P., Pagliaro, A., 
Patel, S., Van Speybroeck, L., Vikhlinin, A., 
Vrtilck, J., Wise, M., & Zhao, P. 2000, ApJ, 
541, 542 

Miller, N.A., & Owen, F.N. 2001, ApJS, 134, 355 

Miller, N.A., & Owen, F.N. 2001, ApJ, 554, L25 

Miller, N.A., & Owen, F.N. 2002, AJ, 124, 2453 

Miller, N.A., Owen, F.N., & Hill, J.M. 2003, in 
submission 

Mobashcr, B., et al. 2001, ApJS, 137, 230 

Monet, D. et al. 2000, USNO-A2.0 A Catalog 
of Astrometric Standards, United States Naval 
Observatory 

Moore, B., Katz, N., Lake, G., Dressier, A., & 
Oemler, A. Jr. 1996, Nature, 379, 613 

Moore, B., Lake, G., & Katz, N. 1998, ApJ, 495, 
139 

Owen, F.N., & Laing, R.A. 1989, MNRAS, 238, 
357 

Owen, F.N., Ledlow, M.J., Keel, W.C., & Morri- 
son, G.E. 1999, AJ, 118, 633 

Peebles, P.J.E. 1973, ApJ, 185, 413 

Pinkncy, J., Roettiger, K., Burns, J.O., & Bird, 
CM. 1996, ApJS, 104, 1 

Poggianti, B.M., Smail, I., Dressier, A., Couch, 
W.J., Barger, A.J., Butcher, H., Ellis, R.S., 
Oemler, A., Jr. 1999, ApJ, 518, 576 

Poggianti, B.M., & Wu, H. 2000, ApJ, 529, 157 



Poggianti, B.M., Bridges, T.J., Mobasher, B., 
Carter, D., Doi, M., Iye, M., Kashikawa, N., 
Komiyama, Y., Okamura, S., Sckiguchi, M., 
Shimasaku, K., Yagi, M., & Yasuda, N. 2001, 
ApJ, 562, 689 

Quilis, V., Moore, B., & Bower, R. 2000, Science, 
288, 1617 

Richards et al. 2002, A J, 123, 2945 

Roettiger, K., Burns, J.O., & Lokcn, C. 1996, 
ApJ, 473, 651 

Sarazin, C.L. 2001, in Merging Processes in Clus- 
ters of Galaxies, Feretti, L., Gioia, I.M, & Gio- 
vannini, G. eds (Dordrccht:Kluwer) 

Smail, I., Morrison, G., Gray, M.E., Owen, F.N., 
Ivison, R.J., Kncib, J.-P, & Ellis, R.S. 1999, 
ApJ, 525, 609 

Stauffer, J., Spinrad, H., & Sargent, W.L.W. 1979, 
ApJ, 228, 379 

Stoughton et al. 2002, AJ, 123, 485 [SDSS EDR] 

Strauss, M.A., Huchra, J. P., Davis, M., Yahil, A., 
Fisher, K., & Tonry, J. 1992, ApJS, 83, 29 

Sun, M., Murray, S.S., Markevitch, M., & 
Vikhlinin, A. 2002, ApJ, 565, 867 

Tarcnghi, M., & Scott, J.S. 1976, ApJ, 207, L9 

Tonry, J., & Davis, M. 1979, AJ, 84, 1511 

Tribblc, P.C. 1993, MNRAS, 263, 31 

Veilleux, S., & Osterbrock, D. 1987, ApJS, 63, 295 

Vikhlinin, A., Markevitch, M., & Murray, S.M. 
2001, ApJ, 551, 160 

Yee, H.K.C., Ellingson, E., & Carlbcrg, R.G. 1996, 
ApJS, 102, 269 

Yee, H.K.C., & Lopez-Cruz, O. 1999, AJ, 117, 
1985 

Yun, M.S., Reddy, N.A., & Condon, J.J. 2001, 
ApJ, 554, 803 

Zabludoff, A.I., Huchra, J.P., & Geller, M.J. 1990, 
ApJS, 74, 1 



This 2-column preprint was prepared with the AAS IATjrjX 
macros v5.0. 



16 



Table 1 
Cluster Radio Galaxies 
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Table 1 — Continued 
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a H5 absorption is sufficient for classification as an e(a) galaxy, but measurement is noisy 
and we tentatively classify the galaxy e(c). 

b The lack of optical emission lines formally places this galaxy in the AGN category. How- 
ever, there is evidence that these galaxies are heavily dust-obscured star forming galaxies 
(see text). 

c See Figure 2-6. 

d Wavelength coverage of spectrum misses [On]; strong emission lines suggest this is a 
potential e(b) galaxy. 

e Potential k+a galaxy, although spectrum is relatively noisy. 

Note. — All velocities and associated errors have been taken from Paper 1, which includes 
SDSS EDR data. The R c magnitudes were calculated for the Gunn-Oke aperture, and have 
an associated error of < 0.05 mags. The classes are determined from the galaxy spectra, 
and are defined as follows: SF - star forming galaxy; AGN1 - AGN with optical spectrum 
dominated by an old stellar population but with weak emission of [N n] and sometimes [S n] ; 
AGNo - AGN with pure absorption line spectrum representative of old stellar population 
stars; AGNs - AGN with emission line spectrum (Seyfert). 
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Table 2 
Additional Radio Galaxies 
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0.432 
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a Background galaxy. 

"Velocity and error from Strauss et al. (1992). Galaxy pair (UGC10731 or VV726), where each galaxy is 
a radio source but the flux measurement and velocity correspond to the system. 

°Foreground galaxy. 

d Outside the 3 Mpc radial limit of the study. 
°Velocity and error taken from the SDSS EDR. 
f Cluster member. 

s Optical magnitude too faint to be formally included in the radio galaxy study. 
h See Figure 8. 
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'The SDSS velocity for this galaxy was nagged due to inconsistent measurements by their automated 
routines. Inspection of the spectrum and a prior velocity measurement from NED clearly indicate it is 
consistent with cluster membership. 

j See Figure 7. 



Table 3 
Galaxy Counts 



2 Mpc Sample 3 Mpc Sample 



Faint Intermediate Bright Faint Intermediate Bright 



Cluster 


N RG 


N tot 


N RG 


Ntot 


Nrg 


Not 


N RG 


N tot 


Nrg 


Not 


Nrg 


Not 


A262 





59.1 


3 


23.5 


4 


12.2 





87.8 


4 


28.4 


4 


13.1 


A347 


1 


53.2 


6 


38.3 


3 


16.1 


1 


76.7 


7 


66.8 


4 


24.0 


A397 


1 


36.6 


4 


22.2 





2.0 


2 


35.3 


5 


23.8 


1 


0.6 


A400 


2 


46.1 


4 


16.9 





2.7 


2 


41.1 


4 


13.9 


1 


1.0 


A426 


1 


105.4 


8 


102.5 


7 


21.9 


1 


131.4 


11 


148.3 


9 


26.4 


A539 





53.2 


9 


20.5 


3 


8.2 


1 


57.9 


11 


60.7 


4 


6.9 


A569 


1 


48.9 





16.7 


2 


1.9 


2 


87.6 





33.6 


6 


6.5 


A634 


1 


34.3 


4 


15.3 


1 


12.8 


1 


42.0 


4 


14.7 


1 


11.2 


A779 





31.2 


2 


5.1 





1.0 





32.7 


2 


3.3 





0.8 


A1185 





23.8 


8 


16.7 


2 


2.5 


1 


40.3 


10 


53.3 


4 


3.7 


A1267 


1 


33.5 


3 


9.6 





0.1 


2 


53.5 


5 


13.1 





0.1 


A1367 


2 


66.8 


7 


43.2 


3 


12.1 


2 


111.8 


9 


56.7 


3 


15.9 


A1656 


5 


157.6 


7 


78.9 


3 


15.0 


7 


194.1 


9 


93.0 


6 


19.7 


A2162 





51.0 


1 


13.5 


1 


2.5 





96.5 


2 


21.8 


2 


4.6 


A2197 


1 


61.9 


6 


48.0 


5 


16.6 


4 


124.8 


11 


75.9 


7 


29.9 


A2199 


2 


92.4 


10 


43.1 


2 


18.7 


5 


146.8 


13 


71.2 


7 


29.0 


A2255 


7 


97.3 


10 


65.3 


7 


12.4 


10 


84.9 


11 


66.1 


7 


9.6 


A2256 


1 


105.8 


10 


72.7 


6 


8.6 


1 


101.0 


10 


81.8 


7 


7.2 


A2634 


2 


131.2 


4 


47.3 


3 


22.4 


5 


178.8 


5 


60.4 


3 


30.4 


A2666 





18.4 


1 


11.1 





0.7 


4 


41.6 


2 


22.2 


2 


3.0 



Note. — Galaxy counts for the twenty Abell clusters of the composite sample. Results are presented for galaxies 
within both 2 Mpc and 3 Mpc of the cluster centers. Nrg refers to the number of radio galaxies and Ntot refers to 
the total number of background-corrected galaxies, each within the specified optical magnitude range. The ranges 

correspond to: Faint 20 > Mr > -21, Intermediate 21 > Mr > -22, and Bright - Mr < -22. Although 

this table does not divide the radio detections into high and low luminosity classes based on a cutoff of 10 23 W Hz -1 , 
it should be noted that the high radio luminosity sources are almost exclusively the optically brightest galaxies (no 
faint galaxies are associated with high radio luminosities, and only seven intermediate galaxies are). 
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Fig. 1. — Color-magnitude plot for Abell 2255, 
based on SDSS data. The filled circles represent 
galaxies whose SDSS velocities confirm they are 
cluster members, with open triangles and circles 
representing foreground and background galaxies, 
respectively. Overplotted crosses indicate the clus- 
ter radio galaxies (which include several sources 
without SDSS velocities). The large six-pointed 
crosses represent the pair of radio galaxies deemed 
to be background sources based on this color- 
magnitude diagram (see text). 

Fig. 2. — Overlays of radio contours on R c images 
for galaxies with FR morphologies. All of the ra- 
dio images were made using a 5.9" restoring beam, 
and the base contour level is specified for each fig- 
ure. The contours are made at -2, 2, 3, 5, 8, 13, 
21, and 34 times the base value. At left is "The 
Original TRG," and to the right is The Sidekick 
(quoted source names are taken from Harris, Ka- 
pahi, & Ekers 1980). The rms sensitivity for this 
image is 31 ^iJy/beam. 

Fig. 3.— "The Double," with an rms sensitivity 
of 43 /iJy/beam. 

Fig. 4. — "The Goldfish," with an rms sensitivity 
of 34 /xJy/beam. 

Fig. 5. — "The Beaver," with an rms sensitivity 
of 37 /xJy/beam. 

Fig. 6. — "The Embryo," with an rms sensitivity 
of 42 /xJy/beam. 

Fig. 7. — "The Bean," with an rms sensitivity of 
134 ^iJy/beam. This galaxy lies over 3 Mpc from 
the cluster center, and consquently is outside the 
formal limit for our study. 

Fig. 8. — This galaxy is a background source 
at z « 0.25. The rms level of the map is 44 
/^Jy/beam. 

Fig. 9.— ROSAT PSPC observation of Abell 
2255 for 0.5 - 2.0 keV band. The map has been 
smoothed by a 45" Gaussian. The large circle in- 
dicates the 3 Mpc radial limit of our investigation. 



Fig. 10.— The distribution of AGN in Abell 2255. 
The diamonds signify galaxies whose spectra are 
representative of old stellar populations, while the 
triangles are emission line AGN. An additional 
cross has been overplotted on the k+a galaxy with- 
out any optical emission lines. Note that these 
may be powered by star formation and not an 
AGN (see text). The large circle indicates the 3 
Mpc radial limit of our investigation. 



Fig. 11. — The distribution of star forming galax- 
ies in Abell 2255. The five-pointed stars sig- 
nify normal galaxies (class e(c)), the many-pointed 
stars are starbursts (class e(b)), the triangles are 
dusty starbursts (class e(a)), the circle is the 
galaxy with a post-starburst spectrum (class k+a) 
but with Ha emission, and the cross is the galaxy 
with post-starburst spectrum and no detected op- 
tical emission lines. 



Fig. 12. — Starburst galaxy. Note disturbed ap- 
pearance, with "streamers" (identified by arrows) 
pointing to the Southeast. The radio emission is 
also offset in this direction. The restoring beam is 
5.9", and the rms sensitivity is 39 /xJy/beam. 



Fig. 13. — The cumulative radio luminosity func- 
tion for Abell 2255, expressed as the fraction of 
galaxies hosting a radio source at the indicated 
radio luminosity or greater. Solid lines and filled 
circles represent the composite data from nine- 
teen other nearby Abell clusters, while the dotted 
line and open triangles represent Abell 2255 (offset 
slightly in x for clarity). For this determination, 
only galaxies within 2 Mpc of the cluster centers 
were used. At top left is the RLF for all galaxies 
in the sample {Mr < —20), while the remaining 
three plots are based on cuts in optical magnitude. 
Note that the apparent flattening of the RLFs be- 
low log(-Li.4G£fz) ~ 21.8 is due to incompleteness. 
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